To study both the pathophysiologic and the prognostic value of ADAMTS13 in thrombotic microangiopathies (TMA), we enrolled a cohort of 35 adult patients combining a first acute episode of TMA, an undetectable (<5%) ADAMTS13 activity in plasma and no clinical background such as sepsis, cancer, HIV and transplantation. All patients were treated by steroids and plasma exchange and an 18-month follow-up was scheduled. Remission was obtained in 32 patients (91.4%) while 3 patients died (8.6%) after the first attack. At presentation, ADAMTS13 antigen was decreased in 32 patients (91.4%), an ADAMTS13 inhibitor was detectable in 31 patients (89%), an anti-ADAMTS13 IgG/M/A was present in 33 patients (94%). The 3 decedent patients were characterized by the association of several anti-ADAMTS13 Ig isotypes including very high IgA titers while mortality was independent of the ADAMTS13 inhibitor titer. In survivors, ADAMTS13 activity in remission increased to levels >15% in 19 patients (59%) but remained undetectable in 13 patients (41%). Six patients relapsed either once or twice (19%) during the follow-up. High levels of inhibitory anti-ADAMTS13 IgG at presentation were associated with the persistence of an undetectable ADAMTS13 activity in remission, the latter being predictive for relapses within an 18-month delay.
INTRODUCTION
Thrombotic microangiopathies (TMA) are defined by the association of acute mechanical hemolytic anemia, thrombocytopenia and visceral ischemic manifestations related to the formation of platelet thrombi in the microcirculation (1) . Clinically, TMA includes mainly the thrombotic thrombocytopenic purpura (TTP) and the hemolytic uremic syndrome (HUS) characterized by a multivisceral ischemia and a renal ischemia, respectively (2) . Although mechanisms for HUS remain very heterogeneous, pathophysiology for most forms of TTP is related to a severe deficiency of a plasma metalloprotease, ADAMTS13 (A Disintegrin And Metalloprotease with Thrombospondin type 1 repeats) (3) (4) (5) (6) . Physiologically, ADAMTS13 is the specific cleaving-protease for von Willebrand factor (VWF), a large multimeric glycoprotein crucial for both platelet adhesion and aggregation in the high stress-associated hemodynamic conditions of the microcirculation (7) . A severe enzymatic deficiency of ADAMTS13 causes highly adhesive unusually large (UL) multimers of VWF to accumulate in plasma, which may spontaneously bind to platelets and thus induce the formation of platelet thrombi in the microcirculation. In very rare cases, clinically relevant ADAMTS13 severe deficiency is related to compound heterozygous or homozygous mutations of ADAMTS13 gene (Upshaw-Schulman syndrome) (8) (9) (10) . In a large majority of cases, severe ADAMTS13 deficiency is secondary to the development of anti-ADAMTS13 autoantibodies (autoAbs) (11) (12) . Anti-ADAMTS13 auto-Abs can be detected in vitro either functionally because of their inhibitory effect on ADAMTS13 enzymatic activity (13) (14) or, more recently, physically as immunoglobulin (Ig) G or IgM by ELISA (15) (16) . In more than 80% of acquired TTP, anti-ADAMTS13 Abs are inhibitory IgG (11) (12) . In some cases, the mechanisms for acquired TTP may be different involving either anti-ADAMTS13 non inhibitory IgG or IgM (15-16) or circulating inhibitors not related to an IgG or an IgM (17) . However, although a large majority of undetectable ADAMTS13-associated TMA overlaps with the clinical entity named TTP, some exceptions remain, consisting in either clinical TTP with detectable ADAMTS13 activity or clinical HUS with undetectable ADAMTS13 activity (18, 19) . This
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Beyond the elucidation of pathophysiological mechanisms, a second step crucial for TMA characterization is the identification of prognostic factors. Indeed, TMA are severe diseases which acute events may be life-threatening in the absence of fast and appropriate treatment (plasmatherapy) and which global mortality rate still remains close to 10% (21, 22) . In addition, in patients who achieved remission after an acute event, the risk for relapse is estimated to be at least 11% with extreme rates reported at 73% as a function of the clinical background (2, 3). However, identifying prognostic factors for both short-term and long-term outcome still remains very difficult considering the broad heterogeneity of TMA patients. This heterogeneity including both the clinical background (idiopathic versus disease-associated TMA, sporadic versus recurrent TMA) and the ADAMTS13 plasmatic features (undetectable versus detectable ADAMTS13 activity, presence versus absence of an ADAMTS13 inhibitor) is well emphasized as a limit to determine clear prognostic factors in recent literature (3, (23) (24) (25) (26) (27) .
More specifically, the first acute TMA episode, classically described as a "storm in a blue sky", remains a crucial challenge for physicians in terms of both pathophysiologic and prognostic issues.
The first TMA attack is always a trauma whether it is idiopathic and then a first step within an autoimmune disease, or it is associated with a pre-existing clinical context and then a crucial turn in the course of the latter. More pathophysiologic explanations and prognostic markers are obviously needed.
Undetectable ADAMTS13 activity-associated TMAs, in addition to being a homogeneous entity, have the advantage of offering an exciting biological parameter to focus on, especially thanks to the recent advances on both ADAMTS13 antigen and auto-Abs characterization (16) . Thus, in the current study, we chose to focus on both a pathophysiologic and a prognostic analysis (initial outcome and 18-month follow-up) of a homogeneous cohort of adult patients characterized by three criteria: i/ a first episode of acute TMA, ii/ an undetectable ADAMTS13 activity and iii/ no severe clinical background that 
PATIENTS, MATERIALS AND METHODS

Patients
Clinical definition
Idiopathic TMA was defined as TMA occurring in patients with no apparent pre-existing disease.
Remission was defined by a normal platelet count (> 150 X 10 9 /L) and no plasma exchange treatment for 30 days (day 1 of remission) or more.
Sample collection
Before any treatment was initiated, venous blood was collected into 1:10 final volume of 3.8% sodium citrate. Platelet-poor plasma was obtained by centrifugation at 2500g for 20 minutes and aliquoted samples were stored at -80°C before being tested. Plasma samples were collected both at presentation and in remission (between day 1 and day 7 of remission according to the previous definition).
VWFAntigen
VWF antigen (VWFAg) levels in plasma were measured using an enzyme-linked immunosorbent assay (ELISA Asserachrom VWF, Diagnostica Stago, Asnières, France).
ADAMTS13 activity ELISA
Measurement of ADAMTS13 activity in plasma was performed as previously described (18) for coating and a pool of immuno-peroxidase conjugated-anti-N-terminal VWF Mo Abs for staining (28) . Normal pooled plasma (NPP) was arbitrarily defined as containing 100% of ADAMTS13 activity and used as an internal control.
ADAMTS13 inhibitor assay
Patient plasma was heat-treated at 56°C for 30 min to inactivate any endogeneous ADAMTS13 activity. Circulating inhibitor for ADAMTS13 was assayed by measuring the residual ADAMTS13 activity in mixtures of TMA patient plasma and NPP at 3 distinct volume/volume ratios: 1:1, 2:1 and 3:1 as previously described (18) . Titer was semi-quantitatively defined as high, medium or low for a residual ADAMTS13 <10% in 1:1, 2:1 and 3:1 mixtures, respectively. ADAMTS13 inhibitor assay was systematically performed in addition to the ADAMTS13 activity assay in all patients.
Anti-ADAMTS13 antibodies ELISA
Anti-ADAMTS13 IgG, IgM and IgA were tested in all patients at presentation. Anti-ADAMTS13 IgG and IgM antibodies were detected as published by Rieger et al (16) . Briefly, microtiter plates were coated with an anti-His tag Ab (overnight incubation), non specific binding sites were blocked 2 hours at room temperature with PBS-BSA and recombinant His-tagged ADAMTS13 was added and incubated 3 hours at room temperature. Serial dilutions of plasma samples were incubated overnight at +4°C. After washing, plates were incubated with an alkaline-phosphatase-conjugated goat anti-human Absorbance was read at 405 nm. Anti-ADAMTS13 IgG/M/A antibodies titers were calculated according to Rieger et al (16) . In patients whose anti-ADAMTS13 IgG titer was lower than the detection limit of our developed ELISA (IgG negative), anti-ADAMTS13 IgG were re-tested using the TECHNOZYME ADAMTS13-INH TM commercial kit (Technoclone GmbH, Vienna, Austria) to improve sensitivity in the detection (IgG positive if >15 U/ml). The IgG anti-ADAMTS13 ELISA using the commercial kit was performed according the manufacturer's instructions.
ADAMTS13 antigen ELISA
ADAMTS13 antigen was measured using a recently developed ADAMTS13 antigen ELISA (29) .
Briefly, microtiter plates were coated with a polyclonal rabbit IgG against human ADAMTS13.
Dilutions of plasma samples were incubated overnight at room temperature. After washing, plates were incubated with a horseradish-peroxidase conjugated polyclonal rabbit IgG against human ADAMTS13 for 2 hours at room temperature. After washing, a chromogenic substrate (Sure Blue TM TMB Microwell Peroxidase Substrate, KPL, Maryland, USA) was added. The color reaction was stopped by 1N HCl solution and absorbance was read at 450 nm. The reference interval for the ELISA is 740 -1420 ng ADAMTS13/mL and the limit of quantification is 62.5 ng ADAMTS13/mL. Samples with antigen levels under the limit of quantification are expressed as <62.5 ng ADAMTS13/mL.
Statistical analysis
Statistics were performed using computer-assisted program Statview (Abacus Concepts, Berkeley, CA). Means and standard deviations (SD) were calculated for each continuous variable. Comparisons were performed using an independent sample t test for continuous parametric variables and a Chi-2 test for categorical variables. Relationships between ADAMTS13-related parameters and other variables were studied using univariate and multivariate analysis with both linear and logistic regression analysis.
RESULTS
Patients
Over a 24-month period, 755 adult patients with a clinically suspected acute TMA were enrolled in our national registry and screened for ADAMTS13 activity. Six hundred and fifty eight patients exhibited a normal or partially decreased ADAMTS13 activity and 97 patients had an undetectable ADAMTS13 activity. Among the latter, 47 patients had previously been included in our registry because of one or several acute TMA episodes while 50 patients had a first TMA episode. Among the latter, 15 had exclusion criteria such as cancer, HIV, severe sepsis, organ transplantation. Thus, finally, a cohort of 35 consecutive patients with a first acute episode of TMA associated with an undetectable ADAMTS13 activity (<5%) in plasma was enrolled. Demographic, clinical and standard biological features of each patient are presented in Table 1 . Mean age was 36 year-old (SD = 12.7) and the sex ratio was 2.5F/1M (25 women and 10 men). Twenty-two patients exhibited an idiopathic TMA while 13 patients had a TMA associated either with pregnancy (n=6), post-partum (n=1), oral contraceptives (n=1), Crohn's disease (n=1), psoriasis (n=1), chronic hepatitis C (n=1), diabetes (n=1) or hypertension (n=1). At inclusion during the acute TMA, fever was present in 5 patients (14.3%) and neurologic symptoms including either headache, altered mental status, aphasia or convulsions were showed that 6 patients relapsed.
Von Willebrand factor-and ADAMTS13-related parameters in patients at presentation
Results of both VWFAg and ADAMTS13Ag are presented in Figure 1 . VWFAg levels were higher than 100 IU/dL in 32 patients (91.4%) including 11 patients with levels higher than 200 IU/dL (31.4% of total). ADAMTS13Ag levels were decreased in 32 patients (91.4%) (including 7 patients with undetectable levels) and normal in 3 patients (8.6%). However, statistical analysis showed no correlation between VWFAg and ADAMTS13Ag levels. 
Analysis of decedent patients
Three patients died after the first acute TMA episode (patients 15, 17 and 22, Table 1 ). Their specific clinical characteristics are indicated in bold in Table 1 and their main VWF/ADAMTS13 features are summarized in Table 2 . All patients had an idiopathic TMA, none of them had fever at presentation while two of them exhibited neurologic symptoms (altered mental status and aphasia). In all of them, the platelet count was lower than 15X10 9 /L and the hemoglobin level lower than 6.5 g/dL.
Interestingly, all of them also had a significant alteration of renal function (creatinine level higher than 175 µmol/L) and 2 of them were older than 60 y.o. ( Table 1) . Analysis of the VWF/ADAMTS13
features ( Table 2) .
Analysis of ADAMTS13 in survivors at initial clinical remission
ADAMTS13 activity measured at initial clinical remission showed 3 distinct courses: it either remained undetectable (<5%) in 13 patients (41%), or became detectable but partially decreased (15 to 40%) in 12 patients (38%) or normal (50 to 100%) in 7 patients (21%). ADAMTS13 inhibitors in remission were still detectable only in patients whose ADAMTS13 activity remained <5%, with titers either similar or decreased when compared to those of the acute episode (Figure 3) .
Correlation between ADAMTS13 parameters at presentation and ADAMTS13 activity at initial clinical remission is presented in Figure 4 . Neither ADAMTS13 Ag levels nor the presence of an ADAMTS13 inhibitor (independently of the titer) nor the presence of anti-ADAMTS13 IgG, IgM or
IgA at presentation were predictive of the course of ADAMTS13 activity in remission. In contrast, the presence of a high titer of ADAMTS13 inhibitor, either alone or combined with an anti-ADAMTS13
IgG were associated with the persistence of an undetectable ADAMTS13 activity (<5%) in remission (Figure 4 ). episode and 50% of relapses occurred as soon as the first year. Interestingly, all relapses were associated with an undetectable ADAMTS13 activity and an ADAMTS13 inhibitor titer similar to that at first diagnosis (data not shown).
Both the mean age (36 y.o.) and the sex ratio (2F/1M) of relapsing patients were similar to those of the cohort; all but one patient whose acute TMA occurred during pregnancy (patient 27) had an idiopathic TMA and both their clinical and standard biological parameters at presentation were similar to the ones of non relapsing patients ( Table 1) . VWF/ADAMTS13-related parameters of the 6 relapsing patients are presented in Table 3 . At presentation of the initial acute TMA episode, VWFAg levels were either normal or moderately increased (70 to 250 IU/dL), ADAMTS13Ag levels were either decreased or normal (75 to 1010 ng/mL), an ADAMTS13 inhibitor was detected in 5 out of 6 patients while an anti-ADAMTS13 IgG was present in all patients. Interestingly, at initial remission, ADAMTS13 activity was still undetectable (<5%) in 5 patients together with ADAMTS13 inhibitor titers either identical or decreased when compared to those of the initial acute phase ( Table 3 ).
The relapsing rate was significantly higher in patients whose ADAMTS13 activity at initial remission was still undetectable (<5%) (5/13 = 38.5%) when compared to patients whose ADAMTS13 activity at initial remission was detectable (>15%) (1/19 = 5%).
DISCUSSION
In adult patients, an auto-immunisation against ADAMTS13 inducing a severe ADAMTS13 functional deficiency in plasma has been described as a key mechanism for most undetectable ADAMTS13-associated TMA (3). 
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The first goal of the current study was to explore the pathophysiology for ADAMTS13 severe deficiency in a cohort of adult patients who underwent a first acute episode of TMA. Because none of these patients had ever received plasma infusions before, any potential allo-immunization against ADAMTS13 and variations in anti-ADAMTS13 auto-Abs titers after plasmatherapy (30) could be excluded. Interestingly, this study is the first one to show anti-ADAMTS13 IgA in TMA patients. In all cases however, these IgA were associated with IgG. In our cohort, a circulating inhibitor against ADAMTS13 was detected with a lower frequency (89%) than an anti-ADAMTS13 IgG/M/A (94%) as previously reported by Rieger at al (16) who recently demonstrated a higher sensitivity of IgG/M detection (97%) versus inhibitor detection (83%) in 59 patients with an undetectable ADAMTS13 associated-acute TMA. This discrepancy between inhibitors and Ig rates is however not surprising considering the broad range (50% to almost 90%) of circulating ADAMTS13 inhibitors reported in TMA patients (3, 11-13, 18, 31, 32) and the established variability of sensitivity of the miscellaneous methods used for the detection of these inhibitors (14) .
In our cohort, the overlapping rate between ADAMTS13 inhibitors and anti-ADAMTS13 IgG/M/A was 83%, corresponding to inhibitory IgG/M/A, while the rate for non-inhibitory IgG/M/A was 11.5%.
These proportions are in agreement with the literature (15, 16, 33) and confirm that most anti-ADAMTS13 auto-Abs are functional (inhibitory) in vitro and potentially in vivo. However, the decrease of ADAMTS13Ag plasma levels found in 91.4% of patients in our cohort suggests that the formation of immune-complexes that may be rapidly cleared in vivo also strongly participates in ADAMTS13 deficiency whatever the inhibitory or non inhibitory capacity of ADAMTS13 autoAbs, as previously reported (34, 35) . Also, in addition to the inhibitory effect on ADAMTS13 function, the residual levels of both ADAMTS13 activity and ADAMTS13Ag in plasma may be influenced by several other parameters either Ig related (i.e. the affinity for ADAMTS13, the epitope(s) on ADAMTS13 (36-38), a proteolytic degradation of ADAMTS13 (39)) or non-Ig related (i.e. a decreased liver synthesis (40) , an inactivation by thrombin or plasmin (41) 
or an in vitro inhibition by
For personal use only. on October 28, 2017. by guest www.bloodjournal.org From hemoglobin (17), the latter being excluded in our patients). Finally and very interestingly, we found that anti-ADAMTS13 IgG associated with a high inhibitor titer at presentation was predictive of a non recovery of ADAMTS13 activity in clinical remission (Figure 4) . The pathophysiology for this discrepancy between clinical remission and ADAMTS13-related biological remission in some patients remains however unclear.
The second goal of our study was to search for prognostic factors among ADAMTS13-related parameters at presentation. The originality and strength of the current study was to specifically include patients with a first acute TMA episode associated with an undetectable ADAMTS13 activity and to exclude patients whose clinical background in itself could have influenced the prognosis (cancer, HIV infection, organ transplantation, severe sepsis).
These exclusion criteria may therefore explain the mortality rate of 8.6% which is lower than most rates reported in the literature (3, 21, 22) . Interestingly, a detailed analysis of the 3 decedent patients reveals a specific association between mortality and the combination of several Ig isotypes (IgG, IgM and IgA) with the presence of very high IgA titers in all patients ( Table 2 ). The association of both an IgG and an IgM has already been described in a 70-year-old patient with a fatal TTP (15) . The presence of anti-ADAMTS13 IgA has never been described in any patient to date and both their etiology and their potential toxicity remain unknown. However, IgA are known to be associated with a bad prognosis with several pathological conditions such as nephropathies (42) . myeloma (43) , celiac disease (44), heparin-induced thrombocytopenia (45) . In our patients, the role of anti-ADAMTS13 IgA toxicity on renal tissue may be questionable as all of them had a severe alteration of renal function as soon as at presentation. Also, in our 3 decedent patients, the inhibitory function of the anti-ADAMTS13 IgG/M/A does not appear closely related to mortality although ADAMTS13Ag levels were severely decreased. This last point underlines that an immune-depletion mechanism leading to a severe ADAMTS13 quantitative deficiency is the most important mechanism for the severe
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ADAMTS13 enzymatic deficiency identified in the decedent patients. The high titers of the anti-ADAMTS13 IgG/M/A are likely to be strongly involved in the formation of immune complexes but a particularly high affinity of these IgG/M/A to ADAMTS13 may also be hypothesized. Hence, both the high titer and the potential high affinity of the anti-ADAMTS13 IgG/M may also explain the lack of response to the first intention treatment (steroids and plasma exchanges) that lead to a fatal outcome with a dramatic multivisceral involvement in our 3 patients. Retrospectively, in these patients, the indication of a first line immunosuppressive treatment associated with plasmatherapy is debatable.
In our cohort, however, 32 patients out of 35 (91.4%) achieved remission within 3 to 5 weeks with a treatment associating steroids and plasma exchanges. No patient required an additive treatment (i.e. splenectomy or immunosuppressive agents) to induce remission. This good response to plasmatherapy alone may be explained by both the exclusion of TMA associated with sepsis, cancer, organ transplantation and HIV, and enrollment during a first acute TMA episode. Indeed, TMA refractory to plasmatherapy have been described mainly either in the previous clinical contexts or, independently of these specific clinical backgrounds, preferentially in patients with a recurrent disease (3).
Using a 18-month follow-up of the 32 patients who achieved remission, we found a global relapse rate of 19%. Although relapse rates previously reported are very heterogeneous and look very dependent on the clinical background (3, 23), the relapse rate of our cohort is however in agreement with data from the literature: in adult idiopathic TMA, data from the Oklahoma TTP-HUS registry report a relapse rate of about 20% (2); in adult TMA occurring concomitantly with another clinical condition (especially pregnancy and autoimmune diseases), the risk for relapse is reported to be higher than 25% (46, 47) . Also in agreement with these data, out of our 6 relapsing patients, 5 had an idiopathic TMA while 1 had a pregnancy associated-TMA and 50% of relapses occurred within the first year. 
Very interestingly, the relapse rate was significantly higher in patients whose ADAMTS13 activity in remission was still undetectable (38.5%) when compared to patients who recovered a detectable ADAMTS13 activity in remission (5%). This observation is in agreement with a previous report from our group showing that most patients with multi-relapsing TTP becoming progressively refractory to plasmatherapy were characterized by a persistent undetectable ADAMTS13 activity during remission (48) . However, the predictive value for relapse of an undetectable ADAMTS13 activity in remission remains debatable: indeed, in our cohort, one patient (patient 21) who recovered a detectable ADAMTS13 activity in remission (15%) relapsed 16 months after the initial episode while 8 patients with a still undetectable ADAMTS13 activity in remission did not relapse during the 18-month followup. On the one hand, in our study, the positive predictive value for relapsing in a delay of 18 months of an undetectable ADAMTS13 activity in remission (number of relapsing patients with an undetectable ADAMTS13 activity in remission / total number of patients with an undetectable ADAMTS13 activity in remission) is only 38.5%. This data is not surprising considering that even patients with an inherited, and thus persistent, severe ADAMTS13 deficiency (Upshaw-Schulman syndrome) exhibit greatly heterogeneous clinical phenotypes in terms of both severity and frequency of relapses (49, 50) .
Indeed, similarly to the incomplete penetrance and variable expressivity related to gene modifiers observed in most thrombotic diseases (51), both specific environmental and genetic backgrounds are likely to associate synergistically with persistent acquired ADAMTS13 severe deficiency in the trigger of TMA relapses. On the other hand, the negative predictive value for relapse of a detectable ADAMTS13 activity in remission (number of non relapsing patients with a detectable ADAMTS13 activity in remission / total number of patients with a detectable ADAMTS13 activity in remission) is 94.7% which means that recovering a detectable ADAMTS13 in remission may be considered as a good prognostic factor (lower risk of relapse) in patients after a first acute TMA episode.
In conclusion, this study emphasizes that the pathophysiology for a first TMA attack related to an undetectable ADAMTS13 activity mainly involves anti-ADAMTS13 IgG combining both an For personal use only. on October 28, 2017 . by guest www.bloodjournal.org From inhibitory-and an immune complex-depletion mechanism. Among ADAMTS13-related parameters at presentation, the combination of several anti-ADAMTS13 Ig isotypes (G, M and A) including very high IgA titers is linked to a higher risk of mortality. In survivors, highly inhibitory anti-ADAMTS13
IgG at presentation are associated with the persistence of an undetectable ADAMTS13 activity in remission, the latter being predictive for relapses within 18 months. Similarly to other auto-immune diseases (52) , the role of anti-ADAMTS13 auto-Abs in acquired TMA as prognostic markers needs to be further addressed using longitudinal studies involving large numbers of patients, ideally as soon as the first TMA attack. Table 3 . Main VWF/ADAMTS13 features at presentation and at initial remission of the first TMA attack of the 6 relapsing patients during the 18-month follow-up. Figure 1 . Von Willebrand factor antigen (VWFAg) and ADAMTS13 antigen (ADAMTS13Ag) levels in plasma in a cohort of 35 patients with acute TMA. Normal ranges are indicated by dash lines (50-100 UI/dL for VWFAg and 740-1420 ng/mL for ADAMTS13Ag). Each TMA patient is represented by a black disk. All but 3 patients exhibited a VWFAg level higher than 100 IU/dL while all but 3 patients had a decreased ADAMTS13Ag level. Statistical analysis showed no correlation between VWFAg and ADAMTS13Ag levels. Table 1 ). Two patients had neither an IgG nor an IgM nor an IgA. ADAMTS13 inhibitors are expressed as semi-quantitative titers: 4 patients had no detectable ADAMTS13 inhibitor, 14 patients a low titer, 5 patients a medium titer and 12 patients a high titer. Twenty-nine patients had both an ADAMTS13 inhibitor and an anti-ADAMTS13 IgG/M/A (inhibitory anti-ADAMTS13 antibodies) and 4 patients had an anti-ADAMTS13 IgG/A with no ADAMTS13 inhibitor (non inhibitory anti-ADAMTS13 antibodies). Two patients had no IgG/M/A but an ADAMTS13 inhibitor. The level of ADAMTS13 activity in survivors at initial clinical remission defines 3 groups of TMA patients: <5% (group 1, n = 13, black histograms), between 15 and 40% (group 2, n = 12, dashed histograms) and between 50 and 100% (group 3, n =7, white histograms). The percentage of patients with either high, medium, low or negative ADAMTS13 inhibitor titers within each group is presented both in the acute phase (A) and in remission (B). In group 1, ADAMTS13 inhibitor titers remained identical or decreased in remission when compared to the acute phase. In groups 2 and 3, all ADAMTS13 inhibitors, when present in the acute phase, disappeared in remission. The level of ADAMTS13 activity in survivors at initial clinical remission defines 3 groups of TMA patients: <5% (group 1, n = 13, black histograms), between 15 and 40% (group 2, n = 12, dashed histograms) and between 50 and 100% (group 3, n =7, white histograms). At presentation, the percentage of patients with either a decreased ADAMTS13Ag level, an ADAMTS13 inhibitor (independently of the titer), or the presence of an anti-ADAMTS13 IgG, IgM or IgA was not significantly different between the 3 groups. In contrast, at presentation, the presence of either a high titer of ADAMTS13 inhibitor, or a highly inhibitory anti-ADAMTS13 IgG was significantly (*, p<0.05) more frequent in group 1 when compared to group 2 and to group 3, respectively. For personal use only. on October 28, 2017. by guest www.bloodjournal.org From For personal use only. on October 28, 2017. by guest www.bloodjournal.org From Figure 4 
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